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Summary
Cochlear implants are a well accepted treatment for profound hearing loss or 
deafness and at the time of writing more than 120.000 patients have been implanted 
worldwide. 
In the preoperative assessment of cochlear implant candidates imaging plays an 
important role to analyze anatomy and rule out pathology that might in uence or prevent 
surgical access and the success of outcome in terms of speech perception. Postoperative 
imaging is usually done by means of conventional x-rays and allows for con rmation 
of intracochlear positioning and integrity of the implant. However developments in 
cochlear implant design, differences in surgical approach and broadening of treatment 
indications have raised new questions to radiologists, which were the subject of several 
studies described in this thesis.
In chapter 1 a short historical overview of the treatment of hearing loss was given. 
Many years of research have culminated in the development of well functioning cochlear 
implants. The potential role of imaging in regard to cochlear implantation was described 
and an outline of this thesis was shown.
In chapter 2 the value of multi slice computer tomography (MSCT) for postoperative 
imaging of cochlear implant patients was studied. A data acquisition protocol and a post-
processing protocol was presented for optimal visualization of a HiFocus I electrode. 
Its role in the evaluation of operation technique and electrode design, its potential to 
improve optimization of the function of the implant and its possible contribution to 
assessment of cochlear trauma in individual patients was illustrated. 
To study the possibility of broad implementation of postoperative imaging by 
means of MSCT in clinical practice its applicability was tested on different scanners 
of four major vendors. The results were presented in chapter 3: point spread function 
measurements showed that the inherent resolution of all 4 studied scanners suf ces for 
detailed visualization of the intracochlear electrode array as long as the intercontact 
distance is minimally 0.70-0.98mm. Qualitative and quantitative measurements on a 
polymethylmethacrylate phantom containing a curved cochlear implant showed that an 
extended houns eldscale must be available in order to optimally display the implanted 
cochlea. 
Chapter 4 described the application of the above mentioned imaging technique for 
the assessment of 2 different types of cochlear implants – Clarion CII HiFocus 1 without 
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and with a positioner - and the correlation of these  ndings to outcome measures. CT 
showed a smaller electrode contact-to-modiolus distance proximally as well as a deeper 
insertion depth in the patient group who received a CI with a positioner. This con rms 
that the aims of the perimodiolar design are met. Speech perception tests showed a 
steeper learning curve and signi cantly better results with the perimodiolar design. 
Chapter 5 is a consensus paper presenting an objective cochlear framework that 
provides a good, consistent method for specifying cochlear anatomy and cochlear implant 
positioning. It resulted from 2 international, multidisciplinary meetings with leading 
scientist from the various  elds of inner ear research as well as different manufacturers 
of cochlear implants. Existing cochlear coordinate systems and differences in approach 
between the subdisciplines were discussed and have led to a common 3-dimensional 
cylindrical coordinate system that uses the Cochlear View, the plane through the basal 
turn of the cochlea and perpendicular to the modiolus, as plane of rotation. The z-axis is 
placed through the center of the modiolus, with its origin at the level of the helicotrema. 
As zero reference angle, the center of the round window is used.
In chapter 6 a CT-based cochlear coordinate system, which is easily applicable 
in a clinical setting, was introduced. This method was shown to enable individualized 
preoperative and postoperative assessment of cochlear implant patients in a consistent, 
reproducible manner. Comparison to existing coordinate systems, described by L Cohen 
et al. [1,2] and M Skinner et al., [3] re ected the common conceptual frame work of 
these methods. The method ful lled the requirements set by the international consensus 
described in chapter 5. 
Chapters 7-9 were focused on the imaging analysis of cochlear anatomy, in 
particular dimensions of the scala tympani and scala vestibuli. Chapter 7 described the 
development and validation of a method for 3-dimensional medical image exploration by 
means of an autonomous virtual mobile robot. This technique was then applied to micro-
CT datasets of isolated human cochleae. Length measurements along the central path 
of the cochlea were comparable to manually obtained measurements. Cross-sectional 
measurements could be obtained after detection of the cochlear central path. 
In chapter 8 the concept of above described virtual cochleoscopy was applied to 
8 isolated human temporal bones in order to analyze the 3-dimensional anatomy of the 
cochlear spiral. A non-continuous spiraling path was found with decreases and increases 
of elevation at distinctive areas. These  ndings were correlated to reports on cochlear 
trauma in the literature. The similarity between the reported intracochlear vulnerable 
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areas during implantation and the areas of altered steepness lead to the conclusion that 
the intrinsic cochlear morphology poses a potential risk for insertion trauma. 
Chapter 9 studied whether cochlear dimensions could be obtained in image data 
sets of commercially available and clinically used computer tomography (CT) scanners. 
For that 8 isolated human cochleae, also studied in the previous 2 chapters, were 
scanned on a multi detector row CT according to the same clinical acquisition protocol 
as regular patients are. Based on the formerly described virtual cochleoscopy length and 
diameter measurements were performed in both micro-CT and CT images. Comparison 
to manual contouring measurements on the micro-CT datasets proved good estimations 
of the cochlear dimensions. Inter-individual differences in cochlear size were shown 
in agreement with reports in literature. This emphasizes the need for a clinical tool to 
provide information of cochlear morphology in cochlear implant candidates in order to 
enable interindividual tailoring of the choice of cochlear implant devices and operation 
technique.
In Chapter 10 general conclusions are presented and the future role of imaging 
in the investigation of the auditory pathway by means of functional MRI, as a helpful 
tool for otogenetic research and in the assesment of insertion trauma is discussed. The 
potential of imaging to improve patient-speci c preoperative planning is re ected upon. 
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